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The gas-phase fragmentation reactions of 2-hydroxybenzyl-N-pyrimidinylamine derivatives
(Compounds 1 to 6), the O-N-type acid-catalyzed Smiles rearrangement products of 2-pyrim-
idinyloxy-N-arylbenzylamine derivatives, have been examined via positive ion matrix-assisted
laser desorption/ionization (MALDI) infrared multiphoton dissociation (IRMPD) mass spec-
trometry in FT-ICR MS and via negative ion electrospray ionization (ESI) in-source collision-
induced dissociation (CID) mass spectrometry, respectively. The major fragmentation path-
way of protonated 1 to 6 gives the F ions under IRMPD; theoretical results show that the
retro-Michael reaction channel is more favorable in both thermodynamics and kinetics. This
explanation is supported by H/D exchange experiments and the MS/MS experiment of
acetylated 1. Deprotonated 1 to 6 give rise to the solitary E ions (aromatic nitrogen anions) in
the negative ion in-source CID; theoretical calculations show that a retro-Michael mechanism
is more reasonable than a gas-phase intramolecular nucleophilic displacement (SN2) mecha-
nism to explain this reaction process. (J Am Soc Mass Spectrom 2005, 16, 1561–1573) © 2005
American Society for Mass SpectrometryTandem mass spectrometry of either positive ornegative ions not only provides extensive struc-tural information for organic molecules [1, 2],
especially for peptides and proteins [3–5], but can also
act as an important gas-phase “physical organic” tool
for mechanistic studies of organic chemistry [6 – 8]. The
solvent-free and unimolecular conditions in MS/MS
make the gas-phase reactions different from the con-
densed phase analogous reactions; specifically, the gas-
phase chemistry may provide insight into some unique
and intrinsic characteristics for the intramolecular or-
ganic reactions [9 –13]. Previous IRMPD mass spectro-
metric studies of protonated 2-pyrimidinyloxy-N-aryl-
benzyl amine derivatives reveal some gas-phase
rearrangement reactions [14]. In particular, the gas-
phase SNAr type rearrangement inspired us to investi-
gate the rearrangement reaction of 2-pyrimidinyloxy-N-
arylbenzylamine derivatives in the condensed phase.
The results show that the gas-phase SNAr type rear-
rangement has solution phase analogs, the acid-cata-
lyzed Smiles rearrangement reaction, which is summa-
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pyrimidinylamine derivatives (Compounds 1 to 6), the
Smiles rearrangement products of 2-pyrimidinyloxy-N-
arylbenzylamine derivatives, are shown in Scheme 2.
As an important chemical pathway of this kind of
herbicide, a thorough understanding of the MS/MS and
MSn data of these rearrangement products is important
for bioactivity mechanisms, degradation pathways, and
metabolism research. Analysis of the positive ion
MALDI-IRMPD data from protonated 1 to 6 reveals that
the F ions are main product ions. Two different mech-
anisms, an SN2 or a retro-Michael reaction, are proposed
to explain the formation pathway of F ions observed
from positive ion MALDI-IRMPD of protonated 1 to 6.
Theoretical calculations show that the retro-Michael
mechanism is more reasonable.
Compounds 1 to 6 have active phenol hydroxyl
groups; we have also examined the fragmentation reac-
tions under negative ion ESI in-source CID. Unusual
aromatic nitrogen anions, E ions from deprotonated 1 to
6, are observed. Theoretical calculations also show that
the retro-Michael mechanism is reasonable to explain
the formation pathway of E ions. Based on these results,
the fragmentation reactions of 1 to 6 in either positive
ion mode or negative ion mode can be generalized to a
retro-Michael reaction initialized by the ortho-phenol
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ments of acetylated 1 were combined with the H/D
exchange experiment to support the retro-Michael reac-
tion mechanism.
Experimental
Chemicals and Materials
The structures of compounds (1 to 6) were verified by
NMR, IR and MS after purification. MALDI matrix,
DHB, was purchased from Sigma (Sigma-Aldrich Co.,
St. Louis, MO). Deuterated methanol (99%, CD3OD)
was obtained from Cambridge Isotopes Laboratory
(Andover, MA).
Acetylation of Compound 1
Acetylation of Compound 1 was performed by dissolv-
ing 110 mg of Compound 1 in 5 mL acetone solution
and reacting with excess acetic anhydride and triethyl-
amine. The collected acetylated Compound 1 was ob-
tained by removing the solvent residue under vacuum
Scheme 1. The 2-pyrimidinyloxy-N-arylbenzy
pyrimidinylamine derivatives by an acid-cata
temperature under acidic conditions.
Scheme 2. Chemical structures of 2-hydroxybe
ular weight in Da).conditions. NMR and IR verified the structure of the
acetylated Compound 1.
H/D Exchange Experiment for Compound 1
H/D exchange was achieved by dissolving Compound
1 in CD3OD to support the ion-neutral complex inter-
mediate process in the formation pathways of the F ion
at m/z 318 from protonated 1. Sample solutions were
infused into the electrospray interface using a Cole-
Parmer syringe pump (Cole-Parmer Instruments, Ver-
non Hills, IL) at a flow rate of 10 L/min. Fully H/D
exchanged ion species [M (D)D], [M (D)Na]and
the corresponding product ions were observed and
recorded by a quadrupole MS (Agilent Technologies,
Palo Alto, CA) with in-source CID in positive ion
mode.
MALDI-IRMPD Analysis
The experiments were performed on a FT-ICR mass
spectrometer (Ionspec, Irvine, CA) equipped with a 4.7
T actively shielded super-conducting electromagnet
e derivatives rearrange to 2-hydroxybenzyl-N-
Smiles rearrangement mechanism at room-
N-pyrimidinylamine derivatives (1 to 6, molec-lamin
lyzednzyl-
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MALDI ion source used a ND:YAG laser (355 nm, New
Wave, Fremont, CA). Ions were transferred via a quad-
rupole ion guide to the capacitively coupled closed
cylindrical cell. Ions of interest were isolated using the
arbitrary waveform generator. The arbitrary amplitude
was set to 60 V (b-p) and the mass isolation window
was set as 0.8 m/s to eliminate the unwanted ions.
IRMPD experiments were performed with a model
SYNRAD series 48 CO2 laser (75 MAX). The intensity of
Figure 1. The IRMPD mass spectra of protonat
2 at m/z 458; (c) protonated 3 at m/z 449; (d) pro
protonated 6 at m/z 451.
Table 1. Comparison of the results of accurate mass determinat
structures of the main product ions of protonated 1 to 6
Compounds Composition Detected m
1 C23H26N3O5 424.188
C16H20N3O4 318.144
C13H14N3O4 276.097
C12H14N3O2 232.107
2 C23H25N3O5Cl 458.146
C16H20N3O4 318.143
C13H14N3O4 276.096
3 C25H29N4O4 449.219
C18H23N4O3 343.177
C13H12N3O3 258.088
4 C24H28N4O4Cl 471.179
C17H23O3N4 331.177
C13H12N3O3 258.088
5 C18H18N4O3Br 417.056
C11H12N4O2Br 311.014
6 C18H17N4O3BrCl 451.017
C11H11N4O2Br 311.0148IRMPD laser irradiation was varied between 50 to
100% as needed at a flux of 75 W/cm2. The IRMPD laser
irradiation pulse time was set as 500 to 1000 ms for
protonated compounds to give sufficient energy and
time for dissociation [14].
ESI In-Source CID Analysis
The ESI in-source CID experiments were performed with
an Agilent LC/MSD-SL quadrupole mass spectrometer
to 6: (a) protonated 1 at m/z 424; (b) protonated
ed 4 at m/z 471; (e); protonated 5 at m/z 417; (f)
by FT-ICR MS and the actual masses for the proposed
Accurate mass Relative error (ppm)
424.1867 3.3
318.1448 0.6
276.0979 0.3
232.1081 1.1
458.1477 2.5
318.1448 3.5
276.0979 3.9
449.2183 1.7
343.1765 2.4
258.0873 2.6
471.1794 1.1
331.1765 2.5
258.0873 3.0
417.0557 2.2
311.0138 2.5
451.0167 2.2ed 1
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ass
1
6
8
8
6
7
8
1
3
0
9
3
1
6
6
7311.0138 3.2
ael re
1564 WANG ET AL. J Am Soc Mass Spectrom 2005, 16, 1561–1573(Agilent Technologies). The capillary voltage was set to
3600 V for positive ion mode and 4000V for negative
ion mode. The nebulizing gas flow rate and curtain gas
Figure 2. PM3 optimized structures of the s
transition-state (TS1) and the proton transfer re
transition-state 2 (TS2). Heats of formation are
Scheme 3. Two mechanisms are proposed to
from protonated 1 to 6. Path A is proposed to be
Path B is proposed to be a gas-phase retro-Michbonds are given in Å.pressure were 10 ml min1 and 35 psi, respectively. The
fragmentation voltage was varied from 150 to 250 V to
give suitable energy for dissociation.
s in the SN2 reaction path of [5  H]
 via
n within the ion-neutral complex 1 (INC1) via
n in kcal/mol and the lengths of the chemical
in the formation of F ions observed in IRMPD
-phase intramolecular SN2 reaction mechanism.
action mechanism.pecie
actio
giveexpla
a gas
bonds are given in Å.
formed via proton transfer in INC1 through TS4.
1565J Am Soc Mass Spectrom 2005, 16, 1561–1573 GAS PHASE RETRO-MICHAEL REACTIONComputational Methods
All theoretical calculations were carried out by the
semiempirical PM3 method with Spartan molecular
modeling software [15–19]. The candidate transition-
state structures and key structures on the potential
energy surface were optimized. Heats of formation (in
kcal/mol) of the optimized structures were calculated
[16 –18]. All optimized structures were subjected to
vibrational frequency analysis. The semiempirical PM3
optimized structures were shown by Gauss View (3.07)
the retro-Michael reaction path of [5  H] via
n within the ion-neutral complex 2 (INC2) via
n in kcal/mol and the lengths of the chemical
Figure 5. The positive ion ESI in-source CID mass spectra of 1
(MW 423) and fully deuterated 1: (a) protonated 1 at m/z 424; (b)Figure 3. PM3 optimized structures of the species in
transition-state (TS3) and the proton transfer reactio
transition-state 4 (TS4). Heats of formation are giveFigure 4. Schematic potential energy surface (relative energies
are given in kcal/mol) for the two proposed fragmentation
pathways of [5  H], calculated by semiempirical PM3. Path C is
an intramolecular SN2 reaction channel via TS1 to INC1, then the
F ion is formed via proton transfer in INC1 through TS2; path D is
a retro-Michael reaction channel via TS3 to INC2, then the F ion isfully deuterated 1 at m/z 426.
1566 WANG ET AL. J Am Soc Mass Spectrom 2005, 16, 1561–1573software to give higher quality images of these struc-
tures.
Results and Discussion
MALDI IRMPD Studies of the Fragmentation
Reactions of Protonated 1 to 6
IRMPD is a general method for activating ions trapped
in a FT-ICR cell to generate fragment ions and is widely
used for structural analysis and gas-phase chemistry
studies [20 –22]. The IRMPD mass spectra of protonated
1 to 6 obtained using Ionspec FT-ICRMS are depicted in
Figure 1. The structures of the product ions are fully
supported by the accurate mass measurements. Table 1
shows a comparison of the masses determined and the
actual masses of the proposed structures, and the cor-
responding element compositions of the main fragment
ions. The relative errors are all less than 5 ppm, so the
results indicate that the proposed structures have the
only reasonable elemental compositions. According to
the IRMPD data, the major dissociation pathway for
protonated 1 to 6 is to form the F ions and two different
pathways are proposed to explain the formation of F
ions, which is shown in Scheme 3.
Modeling the Formation Process of F Ions
The goal of calculations was to show the possible
existence of some transition states and intermediates
involved in the two different pathways. Path A is
Figure 6. The MS/MS spectrum of protonated acetylated 1 and
deuterated acetylated 1: (a) protonated acetylated 1 at m/z 466; (b)
deuterated acetylated 1 at m/z 467.
Table 2. Comparison of the results of accurate mass determinat
structures of the main product ions of protonated acetylated 1
Compounds Composition Detected m
Acetylated 1 C25H28N3O6 466.196
C23H26N3O5 424.186
C22H20N3O5 406.1390proposed to be a gas-phase intramolecular SN2 reaction
mechanism. Path B is proposed to be a gas-phase
retro-Michael reaction mechanism. Because the F ion at
m/z 311 is the only product ion of protonated 5, it is
selected as the model to illustrate the formation of the F
ion at m/z 311. The structures of the key species on the
potential energy surface of protonated 5 were opti-
mized by the semiempirical PM3 method.
Gas-phase SN2 reactions are widely used to explain
neutral loss processes in MS/MS. O’Hair and co-
workers have proposed gas-phase neighboring group
effects in the side-chain losses from protonated serine
[23–26]. In Path A , the phenol hydroxyl group first
attacks the benzylic carbon, inducing cleavage of the
CON bond to form an ion-neutral complex 1 (INC1)
through transition-state 1 (TS1). In INC1, protonated
2H-benzo[b]oxete (BOE) bonds with the neutral pyri-
midinylamine by hydrogen bonding, then the proton
transfers from protonated BOE to pyrimidinylamine
to form the F ion at m/z 311 via transition-state 2
(TS2). It was not possible to fully converge with the
structure of TS1. The energy of TS1 was obtained as
the maximum for a set of partial geometry optimiza-
tions with fixed OO C and CO N distances [27]. The
structure of TS2 was optimized by semiempirical
PM3 without imposing any constraints. The semiem-
pirical PM3 optimized structures, the lengths of im-
portant chemical bonds (in Å), and the calculated
heats of formation of species involved in this in-
tramolecular SN 2 reaction are reported in Figure 2.
The retro-Michael cleavage reaction was reported
as an important dissociation pathway of -amino
acid/esters and related dendrimer polymers [28 –31].
Path B represents a gas-phase retro-Michael reaction.
In this process, the rearrangement of lone pair elec-
trons of phenol hydroxyl directly induces the cleav-
age of the CON bond and the formation of an
ion-neutral complex 2 (INC2) through transition-state
3 (TS3). In INC2, protonated 6-methylenecyclohexa-
2,4-dienone (MCE) connects with the neutral pyrim-
idinylamine by hydrogen bonding. Then the proton
transfers from protonated MCE to pyrimidinylamine
to form the F ion at m/z 311 via transition-state 4
(TS4). The structures of TS3 and TS4 were full opti-
mized by semiempirical PM3 without imposing any
constraints. The semiempirical PM3 optimized struc-
tures, the lengths of important chemical bonds (in Å),
and the calculated heats of formation of species
involved in this retro-Michael reaction are reported in
Figure 3.
by FT-ICR MS and the actual masses for the proposed
Accurate mass Relative error (ppm)
466.1973 1.5
424.1867 1.7ions
ass
6
0406.1398 2.0
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proposed mechanisms is given in Figure 4. Analysis
of Figure 4 shows that the energy barrier for the SN2
reaction path via TS1 (70.9 kcal/mol) is much higher
than that for the retro-Michael path via TS3 (31.4
kcal/mol). Moreover, the heat of formation of MCE
(11.7 kcal/mol) is much lower than that of BOE (30.0
kcal/mol); therefore, the product energy of the retro-
Michael reaction is much lower than that of the SN2
reaction. These results indicate that the retro-Michael
Figure 7. The IRMPD mass spectra of protona
Scheme 4. The proposed dissociation pathway
are those observed in MS/MS of deuterated aceprotonated 1 at m/z 424; (b) the ion at m/z 318; (c) thmechanism is more favorable than the SN2 mecha-
nism in both thermodynamics and kinetics.
From the changes in the OOH and NOH bond
lengths of TS4, the dynamic process of the proton
migration in INC2 can be viewed clearly. The proton
of protonated MCE in the ion-neutral complex is
captured by pyrimidinylamine because of its much
higher proton affinity than that of ketone. Besides the
calculations, additional experiments were performed
to test the formation mechanism of F ions: (1) H/D
, the ion at m/z 318 and the ion at m/z 276: (a)
rotonated acetylated 1. The data in parentheses
ed 1.ted 1s of pe ion at m/z 276.
1568 WANG ET AL. J Am Soc Mass Spectrom 2005, 16, 1561–1573exchange experiments to test the mechanism involv-
ing ion-neutral complex intermediates. (2) acetylation
of phenol hydroxyl group to test the retro-Michael
reaction channel.
Tracing the Proton Migration in the Ion-Neutral
Complex via H/D Exchange Experiments
Ion-neutral complexes (INC) are widely reported inter-
mediates in MS/MS processes [32–34]. Theoretical cal-
culations of the proton transfer process in INC2 via TS4
show that the proton on the pyrimidinylamine amine
arises from the phenol hydroxyl. H/D exchange exper-
iments were used to examine this process. This mech-
anism should result in the F ion atm/z 320 from the fully
deuterated Compound 1. The experiment was per-
formed with a quadrupole mass spectrometer with an
Figure 8. The IRMPDmass spectra of protonate
(b) the ion at m/z 343.Scheme 5. Formation pathways of the ions atESI source by in-source CID. The positive ion ESI
in-source CID mass spectra of protonated 1 (MW 423)
and fully deuterated 1 are shown in Figure 5. Under
comparable collision conditions, the [M (D)  D] ion
at m/z 426 from liquid phase H/D exchange decom-
poses almost exclusively to the F ion at m/z 320. This
result indicates that the proton of the phenol hydroxyl
group transfers to the amine to form the F ion. Thus the
ion-neutral process was confirmed by determining the
origin of the proton to form the F ion with theoretical
calculations and H/D exchange experiments.
Probing the Retro-Michael Mechanism
by Acetylation of Hydroxyl Group
It is proposed that the first step of the formation of the
F ion at m/z 311 is a gas-phase retro-Michaelmechanism.
nd the ion atm/z 343: (a) protonated 3 atm/z 449;d 3 am/z 276 and 232 from the F ion at m/z 318.
1569J Am Soc Mass Spectrom 2005, 16, 1561–1573 GAS PHASE RETRO-MICHAEL REACTIONThis reaction is initiated by the rearrangement of lone
pair electrons on the phenol hydroxyl group. A modi-
fication to the hydroxyl group that decreases the charge
density of this group should block this reaction [35, 36].
Acetylation of the phenol hydroxyl group of Com-
pound 1 meets this criterion. The MS/MS spectrum of
protonated acetylated 1, shown in Figure 6, gives the
ion at m/z 424 by loss of propanol and the ion at m/z 406
Figure 9. The negative ion ESI in-source CID m
1 at m/z 422; (b) deprotonated 2 at m/z 456; (c) dep
Scheme 6. Formation pathway of th(e) deprotonated 5 at m/z 415; (f) deprotonated 6 at mby loss of CH2¢C¢O. The accurate mass determination
results (shown in Table 2) support the fragmentation
pathways. This fragmentation pathway is different than
that of protonated 1. A proposed interpretation is that
the charge density of the hydroxyl group is decreased
by the electron-withdrawing effect of acetylation, which
blocks the retro-Michael reaction. This result is consis-
tent with the mechanism of the retro-Michael reaction.
pectra of deprotonated 1 to 6: (a) deprotonated
nated 3 at m/z 447; (d) deprotonated 4 at m/z 469;
at m/z 258 from the F ion at m/z 343.ass s
rotoe ion/z 469.
1570 WANG ET AL. J Am Soc Mass Spectrom 2005, 16, 1561–1573To further explore the process, the MS/MS spectrum
of deuterated acetylated 1 at m/z 467 was obtained by
H/D exchange experiments as shown in Figure 6. The
two product ions at m/z 406 and m/z 407 in the MS/MS
spectrum of deuterated acetylated 1 show that the ion at
m/z 407 is formed when H of propanol comes from the
ortho-position of benzene, and the ion at m/z 406 is
formed when D is located at the oxygen of the ester. The
proposed fragmentation pathway of protonated acety-
lated 1 is shown in Scheme 4.
Explanation of Different Fragmentation Pathways
for F Ions from Protonated 1 and 3 by the Mobile
Proton Model
The fragmentation patterns for protonated Compounds
1 and 3 are determined by multi-stage IRMPD. The
IRMPD mass spectrum of the F ion at m/z 318 from
protonated 1 shows the product ions at m/z 276 and 232,
Figure 10. PM3 optimized structures of the s
transition-state (TS5). Heats of formation are giv
Scheme 7. Two mechanisms are proposed to explain the forma-
tion of E ions observed from negative ion ESI in-source CID of
deprotonated 1 to 6. Path C is proposed to be a gas-phase
intramolecular SN2 reaction mechanism. Path D is proposed to be
a gas-phase retro-Michael reaction mechanism.are given in Å.as shown in Figure 7. The IRMPD mass spectrum of the
F ion at m/z 343 from protonated 3 shows only the
product ion at m/z 258, as shown in Figure 8. The varied
fragmentation pathways are attributed to the varied
proton affinities of the amide and ester groups. The
migration of the mobile proton to other basic sites can
occur in CID processes according to the mobile proton
model [37]. Proton affinities of complex molecules like 1
and 3 are not known. However, the gas-phase proton
affinity (PA) of a site can be estimated from the gas-
phase proton affinity of model compounds [35, 38]. The
proton affinity of pyrimidinylamine should be similar
to or perhaps slightly larger than that of aniline at 921
kJ/mol [38].
The proposed fragmentation patterns of the F ion at
m/z 343 are shown in Scheme 5. The proton affinity of
the ester moiety is estimated from acid methyl ester at
821 kJ/mol [38], so the pyrimidinylamine should be the
original protonation site of the F ion at m/z 318. The ion
at m/z 276 is generated by loss of neutral propene from
the ion at m/z 318 by charge remote decomposition, and
the ion at m/z 232 is formed by further loss of CO2 from
the ion at m/z 276.
The proposed fragmentation patterns of the F ion at
m/z 343 are shown in Scheme 6. The proton affinity of
piperidinylamide should be similar to N,N-dimethyl
acetamide at 908 kJ/mol [38] and is similar to pyrim-
idinylamine. Thus, the proton can transfer from the
pyrimidinylamine to amide during the CID process.
The protonation of the piperidine amide moiety gives
rise to the ion at m/z 258 by loss of neutral piperidine.
Negative Ion ESI In-Source CID of Deprotonated
1 to 6
Compounds 1 to 6 have phenol hydroxyl groups;
therefore, the fragmentation reactions of deproto-
nated 1 to 6 were also analyzed via ESI in negative
ion mode. The negative ion ESI in-source CID mass
spectra of deprotonated 1 to 6 obtained using an
s along the SN2 reaction path of [5  H]
 via
kcal/mol and the lengths of the chemical bonds
pecie
en in
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in Figure 9. Based on studies of the fragmentation
pathways of protonated 1 to 6, two similar mecha-
nisms are proposed to explain the formation pathway
of E ions. The structures of the E ions and the two
mechanisms in negative ion ESI in-source CID of the
deprotonated compounds are proposed and shown in
Scheme 7. Thus, theoretical calculations are also
invoked to reveal which model is more reasonable to
explain the formation of F ions.
Modeling the Formation Process of E Ions
Path C is proposed to be a gas-phase intramolecular SN2
reaction mechanism. Path D is proposed to be a gas-
phase retro-Michael reaction mechanism. Deprotonated
5 is selected as a model to illustrate this process. The
structures of the key species on the potential energy
surface of deprotonated 5 were optimized by the
semiempirical PM3 method.
In Path C, the phenoxide anion attacks the benzyl
carbon inducing the cleavage of the C-N bond and the
formation of the E ion at m/z 309 (an aromatic nitrogen
anion) and the 2H-benzo[b]oxete (BOE) through transi-
tion-state 5 (TS5). The structure of TS5 was fully opti-
mized by semiempirical PM3 without imposing any
constraints. The semiempirical PM3 optimized struc-
tures, the lengths of important chemical bonds (in Å),
and the calculated heats of formation of species in-
volved in the anion type intramolecular SN2 reaction are
reported in Figure 10.
Path D is a gas-phase retro-Michael mechanism,
which means a “retro process of a Michael addition
reaction.” In this process, the electron rearrangement of
phenoxide anion induces the cleavage of the CON
bond directly and the formation of the E ion at m/z 309
and 6-methylenecyclohexa-2,4-dienone (MCE) through
transition-state 6 (TS6). MCE contains an - unsatur-
ated ketone moiety in the molecule; the retro cleavage
Figure 11. PM3 optimized structures of the spe
via t transition-state (TS6). Heats of formation a
bonds are given in Å.process is a typicalMichael addition reaction. The struc-ture TS6 was fully optimized by semiempirical PM3
without imposing any constraints. The semiempirical
PM3 optimized structures, the lengths of important
chemical bonds (in Å), and the calculated heats of
formation of species involved in the anion type retro-
Michael reaction are reported in Figure 11.
A schematic potential energy surface for the two
proposed reaction models is given in Figure 12. Analy-
sis of Figure 12 shows that the energy barrier for the
retro-Michael path via TS6 (17.2 kcal/mol) is much
lower than that for the SN2 path via TS5. Moreover, the
heat of formation of MCE (11.7 kcal/mol) is lower that
that of BOE (30.0 kcal/mol), which causes the product
energy of the retro-Michael reaction to be much lower
than the product energy of the SN2 reaction. These
results indicate that the retro-Michael reaction is more
long the retro-Michael reaction path of [5  H]
en in kcal/mol and the lengths of the chemical
Figure 12. Schematic potential energy surface (relative energies
are given in kcal/mol) for the two proposed fragmentation
pathway of [5  H], calculated by semiempirical PM3. Path C is
an intramolecular S 2 reaction channel via TS5; path D is acies a
re givN
retro-Michael reaction channel via TS6.
1572 WANG ET AL. J Am Soc Mass Spectrom 2005, 16, 1561–1573reasonable to explain the formation of E ions than the
SN2 reaction.
Negative ions are important in condensed-phase
organic reactions, and the corresponding gas-phase
reactions are equally fascinating [39 – 41]. It is interest-
ing that the E ions are nitrogen anions, which are rarely
formed in MS/MS processes. The conjugation effects of
two adjacent aromatic rings (pyrimidine and benzene)
may play an important role in stabilizing the E ions by
delocalizing the negative charge of the nitrogen within
the aromatic system. Therefore, the E ion can act as a
leaving group in this retro-Michael reaction. The gas-
phase chemistry that occurs in fragmentation/rear-
rangement processes of the ions helps us to understand
the “intrinsic” character of the reaction [42] and pro-
vides clues for potential reaction trends in the con-
densed phase [9, 42]. In fact, the mass spectrometer has
been termed a “complete chemical laboratory” by Bey-
non [43].
Conclusions
According to experimental and theoretical results, the
retro-Michael reaction of protonated or deprotonated
2-hydroxybenzyl-N-pyrimidinylamine derivatives can
now be rationalized. Knowledge of fragmentation
mechanisms for product ion mass spectra of [M  H]
and [M  H] ions for these compounds can aid in the
characterization of the related compounds.
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